Background. The majority of patients with breast cancer in Colombia are admitted into oncological centers at locally advanced stages of the disease (53.9%). The aim of this study was to describe the pathological response obtained with neoadjuvant chemotherapy (NACT) according to the molecular classification of breast cancer in patients with locally advanced tumors treated within the National Cancer Institute (NCI) Functional Breast Cancer Unit (FBCU) in Bogotá, Colombia. Materials and Methods. This was an observational, descriptive, historical cohort study of patients with locally advanced breast cancer treated within the NCI FBCU. Results. We included 414 patients who received NACT and surgical management. Most patients had luminal B HER2negative tumors (n = 134, 32.4%). The overall rate of pathological complete response (pCR) ypT0/ypN0 was 15.2% (n = 63). Tumors that presented the highest rate of pCR were pure HER2, at 40.5% (n = 15; odds ratio [OR], 6.7); however, with a follow-up of 60 months, only the triple negative tumors presented a statistically significant difference for event-free survival (EFS; median recurrence time, 18 months; range, 1-46) and overall survival (OS; median follow-up, 31 months; range 10-57). The molecular subtype that most recurrences presented was luminal B HER2 negative, at 38.3% (n = 28). The majority of recurrences (93.2 %; n = 68; OR, 5.9) occurred in patients in whom no pathological response was obtained (Chevallier 3 and 4). Conclusion. Pathological response in locally advanced tumors is related to the molecular subtype of breast cancer, finding higher pCR rates in pure HER2 and triple-negative tumors. A direct relationship was found between disease recurrences and the pathological response, evidencing greater tumor recurrence in patients who did not respond to NACT (Chevallier 3 and 4). EFS and OS were greater in patients with pCR, with statistical significance only in triplenegative tumors. The Oncologist 2019;24:e1360-e1370 Implications for Practice: This research article is of scientific interest, because it describes the clinical and pathological features and analyzes the correlation between pathological response to neoadjuvant chemotherapy and the molecular classification of locally advanced breast cancer in patients treated in the National Cancer Institute in Bogotá, Colombia. It was found that pathological response is related to the molecular subtype of breast cancer. In addition, there is a direct relationship between disease recurrences and pathological response. The survival results were greater in patients with pathological complete response.
INTRODUCTION
Breast cancer is the second most common cancer in the world and ranks first in frequency in women. Approximately 2.1 million new cases of cancer were diagnosed during 2018 (11.6% of all types of cancer). Presenting worldwide incidence of 46.3 per 100,000 people and mortality of 13.0 per 100,000 people [1] .
In the meta-analysis published in 2018 by the Early Breast Cancer Trialists' Collaborative Group, within a population of 4,756 women with early breast cancer, 69% of the patients who received NACT had partial or complete clinical response. Additionally, a conservative breast surgery rate of 65% was achieved. At 15-year follow-up, a higher rate of local recurrence was observed in patients who received NACT (21.4%) versus patients who received adjuvant chemotherapy (15.9%), with an absolute difference of 5.5% (95% CI 2.4-8.6) and relative risk (RR) of 1.37 (95% CI, 1.17-1.61; p = .0001). There were no differences regarding distant recurrences (38.2% neoadjuvant vs. 38.0% adjuvant; RR, 1.02; 95% CI, 0.92-1.14; p = .66), death by cancer (34.4% vs. 33.7%; RR, 1.06; 95% CI, 0.95-1.18; p = .31), or deaths from other causes (40.9% vs. 41.2%; RR, 1.04; 95% CI, 0.94-1.15; p = .45) [9] .
The purpose of this study is to describe the pathological response obtained with NACT according to the molecular classification of breast cancer in patients with locally advanced tumors treated within the National Cancer Institute (NCI) Functional Breast Cancer Unit (FBCU) in Bogotá, Colombia. Colombia is known for being a country with a mestizo and multicultural population; it is for this reason that the results could be extrapolated to the rest of the countries of the region, and treatment guidelines could be developed for breast cancer based on the findings presented in this article.
MATERIALS AND METHODS
An observational, descriptive, historical cohort study was carried out, approved by the NCI Institutional Ethics Committee. This study included 414 patients with confirmed diagnosis of invasive breast cancer at locally advanced stages who received NACT and surgical management of the breast and axilla within the NCI FBCU in Bogotá, Colombia, during the period between September 1, 2013, and August 31, 2017. Patients who received neoadjuvant hormone therapy, surgery as initial treatment, or neoadjuvant radiotherapy; those who restaged as clinical stage IV; and those who for some reason did not receive surgical management after neoadjuvant therapy were excluded (Fig. 1) .
The information on clinical and sociodemographic characteristics of the patients was taken from data recorded in the FBCU database and the NCI SAP electronic health records system. Data were collected by three of the authors and then compiled in an electronic database based on the REDCap platform, and the quality was evaluated under supervision of an NCI research monitor.
The variables analyzed in this study were age in completed years, body mass index, menopausal status, histopathological characteristics of the biopsy, initial clinical stage of the disease, NACT regimen administered, clinical response obtained according to scale of the World Health Organization [10] , type of surgical intervention, pathological response according to Chevallier criteria, (defining pCR as ypT0/ypN0) [11] , adjuvant treatment offered, presence of recurrence and disease progression, treatment thereof, and follow-up.
The statistical analysis of categorical and nominal variables was carried out using absolute and relative frequency measurements, whereas for continuous variables, measures of central tendency and measures of dispersion were used.
Response of the various tumor molecular subtypes and their clinical behavior with respect to the NACT administered, the surgical treatment performed, and adjuvant management offered were assessed.
For the survival analysis, events corresponding to death from any cause and disease-free period were quantified. For EFS and OS, date of diagnosis was taken as the moment of admission to the cohort. OS analysis was performed based on 406 patients, because 8 patients were lost during follow-up. Regarding EFS, this was calculated on a total of 412 patients, as two patients who had disease progression during treatment with NACT were excluded.
The events were taken as numerators to estimate incidence rates, taking as a denominator the total time contributed by patients of the cohort. These rates were estimated by taking into account the risk of bias caused by the presence of differential monitoring. Survival functions were estimated for each of the two outcomes (OS and EFS) using the Kaplan-Meier method. These functions took into account the loss of follow-up and were handled as censoring on the right. In addition, survival functions were compared using the log-rank test.
In addition, two logistic regression models were designed to calculate the odds ratios (OR): in the first one, the variable of interest was pathological response according to clinical variables (age, histological grade, histological type, lymph node involvement, molecular subtype); and in the second one, the variable of interest was tumor recurrence according to clinical variables (molecular subtype of the tumor and pathological response). Statistical analysis of the information was made through The R Project software v.3.5.1, with a free license for its use.
RESULTS
Out of 1,293 patients who were admitted to the NCI FBCU between September 1, 2013, and August 31, 2017, 615 (47.6%) were in locally advanced stages (IIB, IIIA, IIIB, and IIIC), 460 (35.5%) were in early stages (I and IIA), and 218 (16.9%) patients were in the metastatic stage (IV).
Of the 615 patients with locally advanced tumors, 115 patients were excluded for the following reasons: 70 (11.4%) had initial management with surgery, 37 (6.0%) patients were treated with neoadjuvant hormonotherapy, 2 (0.3%) were treated with neoadjuvant radiotherapy, and 6 patients were restaged because of distant metastasis.
A total of 500 patients received the complete NACT regimen. Nonetheless, for the analysis of this study, only the 414 patients who were taken to surgical management of the primary tumor in the NCI were included. The 86 excluded patients were not submitted to surgery of the primary tumor for the following reasons: 46 patients did not accept surgical treatment, 19 patients were transferred to another institution by their insurer, 10 patients presented disease progression and did not receive any surgical treatment, 4 died from a cause different than the disease, 4 were deemed as inoperable by the surgeon who evaluated them, and the remaining 3 patients had comorbidities that prevented surgical management. These last seven patients were referred to treatment with radiotherapy for local control of the disease (Fig. 1 ).
In total, 414 patients were included (median age, 54 years; range, 23-81); 63.0% (n = 261) of the patients were postmenopausal (Table 1) .
With respect to the initial clinical stage, most patients were classified in clinical stage IIIB (51.0%, n = 211), and the most frequent tumor histological type was the ductal carcinoma not-otherwise-specified (NOS), identified in 257 patients (62.1%). A total of 230 (55.6%) patients had size T4b tumors, and 378 (91.3%) patients had clinical lymph node involvement (cN+); grade 2 tumors were the most frequent, found in 53.1% (n = 220) of biopsies (Table 1) .
Regarding classification by molecular subtypes of breast cancer, luminal A tumors were 19.8% of cases, with 82 patients; luminal B HER2-negative was described in 134 patients (32.4%); luminal B HER2 positive was 18.1%, with 75 patients; 37 patients presented pure HER2 tumors (8.9%); and the triple-negative tumors reached 20.8%, with 86 patients. The cut-off point for the Ki67 marker was 20% to differentiate between luminal A and luminal B, taking the recommendation of the 13th St. Gallen International Breast Cancer Conference [3] , which was in force at the time of start of collection of patients included in this study ( Fig. 1) .
As a neoadjuvant treatment, the most frequently administered chemotherapy was that of adriamycin + cyclophosphamidetaxane in 58.2% (n = 241) of patients. Of the 414 patients in the study, 26.1% (n = 108) were given anti-HER2 therapy with trastuzumab ( Table 2) .
Regarding the clinical response to neoadjuvant, disease control was achieved (partial response + complete response + stable disease) in 392 (94.7%) patients, whereas there was disease response (partial response + complete response) in 318 (76.8%) patients. Only in 18.6% (n = 77) of the patients was a clinical complete response (cCR) obtained (Table 3) .
Conservative surgical management was performed in 36.7% (n = 152) of patients, and modified radical mastectomy was performed in 262 (63.3%) patients. Because their tumors were locally advanced tumors, all patients (n = 414, 100%) were taken to axillary lymphadenectomy. Only 24.4% (n = 64) of the patients taken to radical surgical management underwent immediate breast reconstruction ( Table 2) ; reconstruction with tissue expander or implant was the most frequent, occurring in 53.1% (n = 34) of the cases.
The overall pCR ypT0/ypN0 rate was 15.2% (n = 63), and the ypT0-is/ypN0 rate was 22.2% (n = 92). Taking luminal A tumors as a reference category, it was found that tumors with the highest pCR rate were pure HER2 tumors, at 40.5% (n = 15; OR, 6.7; 95% CI, 2.1-24.8), and triple negative, at 23.2% (n = 20; OR, 3.7; 95% CI, 1.3-12.4). Thirdly, there are the luminal B HER2-positive tumors, at 20% (n = 15; OR, 3.4; 95% CI, 1.1-11.6); the luminal A and luminal B HER2-negative tumors achieved pCR in 6.1% (n = 5) and 6.0% (n = 8; OR, 1.1; 95% CI, 0.3-4.0), respectively (Table 3) . Patients at stage IIIA achieved pCR 20.9% (n = 18) of the time; rates for those with stages IIB and IIIB were 16.0% (n = 15) and 14.2% (n = 30), respectively, and no patient with stage IIIC achieved pCR.
Of the cN+ patients, 43.9% (n = 166) were reported as ypN0. A total of 32.5% (n = 63) of patients who were ypN0 presented pCR. Among the patients who achieved pCR (ypT0), 98.4% (n = 62; p = .00001) had negative lymph nodes in the axillary dissection (ypN0).
The highest rate of pCR was evidenced in grade 3 tumors, at 21.3% (n = 37), and the adriamycin + cyclophosphamidetaxane + trastuzumab (AC-TH) regimen achieved the highest pCR rate, with 29.9% (n = 26).
Pathological complete response was obtained in 17.1% (n = 44) of the ductal NOS tumors, 12.1% (n = 14) for pure ductal tumors, 8.3% (n = 1) for lobular tumors, and 13.8% (n = 4) for other histological types.
Adjuvant chemotherapy was administered to 17 (4.1%) patients, most of them with triple-negative tumors (n = 11, 64.7%) with evidence of residual tumor in the surgical specimen. All of the patients were treated with adjuvant radiotherapy; however, only 92.3% (n = 382) of the patients received it at the NCI. The remaining 32 patients did not receive adjuvant radiotherapy for the following reasons: 13 of them abandoned the treatment, 13 had disease progression, 3 were transferred to other hospitals, 2 died, and 1 patient did not receive it because of pulmonary comorbidity. For the hormonal treatment of patients with hormone-receptor-positive, tamoxifen was the drug of greatest choice 41.9% (n = 127) of the time ( Table 2) .
With a follow-up of 60 months, the overall recurrence rate (local, regional, and systemic) was 17.6% (n = 73), with a median recurrence time of 18 months (1-46 months). Distant recurrence occurred in 68.5% (n = 50) of these patients, 21 .9% (n = 16) of patients relapsed locally, and 9.6% (n = 7) relapsed at a regional level. Taking luminal A tumors as a reference category, the molecular subtype that showed the most relapses was luminal B HER2 negative, at 38.3% (n = 28; OR, 2.7; 95% CI, 1.2-7.1), followed by the triple negative, at 31.5% (n = 23; OR, 4.3; 95% CI, 1.8-11.6), and the luminal B HER2 positive, in 11 (15.1%; OR, 2.4; 95% CI 0.9-6.8) cases, whereas luminal A presented seven (9.6%) relapses and pure HER2 presented four relapses (5.5%; OR, 2.3; 95% CI 0.5-8.5). A total of 93.2% (n = 68; OR, 5.9; 95% CI, 2.0-25.2) of relapses occurred in patients in whom no pathological response was obtained (Chevallier 3 and 4); the reference group was that of patients with pCR (Chevallier 1; Table 4 ).
The organs most frequently affected by metastatic involvement were bones, with 25.8% (n = 25), followed by lungs and central nervous system, with 16.5% (n = 16) each. Regarding the 16 patients who presented local recurrence, 6 of them underwent conservative surgery and 10 underwent radical surgery. Of the 73 patients who relapsed (n = 28), 38.3% received single therapy and (n = 45) 61.6% received combined therapy; 15.1% (n = 11) of patients received chemotherapy in monotherapy, whereas among those who received combined treatment, 13 (17.8%) patients were treated with radiotherapy plus chemotherapy, and 4.1% (n = 3) of patients did not receive any recurrence management because they died before starting treatment. Despite having received some type of treatment for recurrence, 42.5% (n = 31) of these patients had disease progression.
A total of 41 deaths were recorded, representing 10.1% of the total patients, with a median follow-up time of 31 months (10-57 months). A total of 78.0% (n = 32) of these deaths were due to the disease, whereas the remaining nine deaths (22.0%) were due to other causes (eight patients suffered acute myocardial infarction and the remaining died from infectious pulmonary process). The EFS and OS functions were calculated with the nonparametric Kaplan-Meier estimator. Figures 2 and 3 show graphics and p value associated with the log-rank test on the hypothesis of equality of the EFS and OS curves, respectively. The triple-negative molecular subtype (EFS: 87.5%; p = .01; OS: 93.3%; p = .02) was the only one with statistical significance in the presence of pCR.
DISCUSSION
According to the 2015 statistical yearbook published by the NCI, 53.9% of patients treated for breast cancer are in locally advanced stages of the disease [12] . In this study, it was identified that 47.6% (n = 615) of the patients were in such clinical stages; this percentage was lower because the NCI FBCU had lack of prior treatment as a criterion for the inclusion of patients in the study. This study is unique because it collects patients with breast cancer exclusively in locally advanced stages, whereas similar studies have taken as a population patients with breast cancer in early stages of the disease, and some have included a portion of patients in locally advanced stages, but only IIB and IIIA [13] .
The biological behavior of breast cancer is variable so, to properly characterize tumors to evaluate pathological responses to treatment with NACT, has repercussions with respect to the survival of patients because pCR is a prognosis factor for both OS and EFS [11, 14, 15] .
Based on Perou's classification, the incidence of tumors varies depending on the molecular subtype; luminal A tumors are described as 30%-40% of all invasive cancers, luminal B HER2-negative tumors represent 20%-30%, tumors that overexpress HER2 reach 12%-20%, and triple negatives become 15%-20% of the total of tumors [16] . The data obtained in this study in terms of incidence according to molecular subtypes are similar to those of the international literature; only a decrease in the incidence of luminal A tumors was found, which made up 19.8% of the cases. The other tumor subtypes had similar incidences to those reported by Fragomeni et al. at the Surgical Oncology Clinics of North America in 2018 [16] .
In this study, the pathological response was taken according to Chevallier's criteria [11] , which define pCR as the absence of invasive and in situ carcinoma in the breast and axillary nodes (ypT0/ypN0); other authors define it as the absence of invasive cancer in breast and axillary nodes, regardless of the presence of carcinoma in situ (ypT0-is/ypN0). It can also be defined as the absence of invasive carcinoma in the breast, regardless of the presence of carcinoma in situ or axillary node involvement (ypT0/is) [17] .
The overall rates of pCR were 15.2% (n = 63) for ypT0/ ypN0 and 22.2% (n = 92) for ypT0-is/ypN0, which were similar to those obtained by Cortazar et al., with ypT0/ ypN0 13.0%, ypT0-is/ypN0 18.0%, and ypT0-is22.0% [8] , whereas Cirier et al. obtained a pCR ypT0/ypN0 rate of 16.0% [18] .
HER2-positive tumors have an aggressive behavior but present better rates of pCR compared with other molecular subtypes of breast cancer, achieving pCR rates of up to 66.7%, described by Buzdar [19] . In this study, we divided the HER2-positive tumors into two groups: luminal B HER2 positive and pure HER2; thus, we obtained pCR rates of 20% (n = 15) and 40.5% (n = 15), respectively. These data are comparable to those by Pierga et al., who identified a pCR rate of 26.0% in this tumor subtype [20] .
The NOAH study, with a 3-year follow-up for the treatment of patients with neoadjuvant trastuzumab and until completing 52 weeks in adjuvant therapy, showed an EFS percentage of 71%, whereas patients in the control group had 56%. In addition, patients who received anti-HER2 treatment presented a better pCR rate (RR, 2.07; 95% CI, 1.41-3.03) and a reduction in the risk of relapse by 33% (RR, 0.67; 95% CI, 0.48-0.94). However, there was no benefit in the OS (RR, 0.67; 95% CI, 0.39-1.15) [21] . Valachis et al. also concluded that patients receiving neoadjuvant treatment with trastuzumab had higher pCR rates (RR, 1.85; 95% CI, 1.39-2.46) [22] .
A pCR rate of 23.2% was obtained for triple-negative tumors (n = 20), which was lower than that reported by other authors. The GeparSixto study, which included 315 patients who received NACT with paclitaxel plus liposomal doxorubicin plus bevacizumab, with or without weekly carboplatin, found pCR in 53.2% of patients treated with carboplatin compared with 36.9% in those who did not receive this drug (p = .005) [23] . Wang-Lopez et al. also [24] . The preliminary report of a study carried out in the NCI, conducted by Díaz et al., which included all patients with triple-negative tumors seen within the FBCU, reported pCR rates of 22.6%, concordant with those obtained in the current study [25] .
Luminal A and luminal B HER2-negative tumors are the least chemosensitive; in our cohort they achieved pCR rates of 6.1% (n = 5) and 6.0% (n = 8), respectively. In 2012, von Minckwitz et al. reported pCR rates of 6.4% for luminal A tumors and 11.2% for luminal B HER2-negative ones [26] . International literature reports pCR rates for these subtypes of tumors of around 10% [8] , which is comparable to the results obtained in this retrospective study, and it is for this reason that the worldwide trend is toward the use of hormone therapy alone as a systemic treatment in this group of patients [27] . Several prognostic factors for pCR have been identified, among which the axillary node involvement, status of hormone receptor, and HER2, tumor grade, and the NACT regimen administered to patients are described [13, 28, 29] . In this study, we identify that 43.9% (n = 166) of cN+ patients were reported as ypN0, and only 32.5% (n = 63) of ypN0 patients achieved pCR, whereas 98.4% (n = 62) of patients who had pCR presented no axillary node involvement (ypN0). Samiei et al. showed that cN0 patients who achieve pCR after NACT have high probabilities of reaching ypN0, especially in the hormone receptor-positive HER2-positive, hormone receptor-negative HER2-positive, and triplenegative subtypes of breast cancer [13].
Within the grade 3 tumors of differentiation, a pCR rate of 21.3% was presented (n = 37), comparable to that reported by Ring et al. [28] , who showed rates of 15.6%, and Guarneri et al., who showed rates of 18.2%, for tumors with this grade of differentiation [29] .
It is a fact that pCR is directly related to the NACT regimen administered [30] . Patients who were administered anthracycline-based regimens plus trastuzumab (AC-TH) showed pCR rates of 29.9% (n = 26), which are concordant with findings obtained by the GeparQuattro study that reported benefits in pCR for chemotherapy combined with these agents; the AC-TH group achieved pCR in 31.7% patients versus 15.5% in the control group [31] .
The other NACT regimen that obtained acceptable pCR rates was based on taxanes plus platinums (TC), achieving pCR in 28.6% (n = 6) of patients. However, the response was lower if we compare it with the one obtained in the CALGB 40603 study, which found an increase of 14.0% in the pCR rate in favor of the group of patients who received carboplatin [32] . Of the total number of patients included in the study, only 36.7% (n = 152) were taken to treatment with conservative surgery after receiving NACT, which is well below the conservative surgical management rate reported in NSABP B-18, which reached 67% of the cases [33] ; it is noteworthy in this cohort that only patients with locally advanced breast cancer were included. In contrast, the meta-analysis of Valachis et al. did not find benefit for treatment with conservative surgery (RR, 0.98; 95% CI, 0.8-1.19) [22] .
Cortazar et al. [8] showed that the pure HER2 molecular subtype with pCR obtained better long-term results (EFS: HR, 0.15; 0.09-0.27; OS: HR, 0.08; 0.03-0.22), and just like Cirier et al. [18] , they found statistical significance for OS (p = .035) but not for EFS (p = .09). In our study, the pure HER2 subtype, despite obtaining the highest pCR rate, did not present statistically significant differences in terms of EFS (p = .7) or OS (p = 0). However, the triple-negative subtype that obtained pCR had statistical significance for both EFS (87.5%; p = .01) and OS (93.3%; p = .02).
The strength of this study is evidenced in the quality of the information obtained, having been derived from a detailed anamnesis in the medical records, a rigorous process of data collection, verification, and analysis. These results will be taken into account for the approach and treatment of patients with locally advanced breast cancer at the NCI FBCU.
Limitations of the Study
The limitations found in this study are those derived from retrospective studies, mainly the difficulty of establishing a causal relationship. In the context of Colombia, the principal risk of bias is the loss of follow-up due to changes in contracting by insurers and the difficult access of patients to health services. Figure 3 . Association between pCR and overall survival, by molecular subtype of breast cancer. Abbreviation: pCR, pathological complete response.
